Abstract. Influenza viruses, which are responsible for annual outbreaks, can exist in any of 198 possible influenza subtypes resulting from the combinations of 18 hemagglutinin and 11 neuraminidase types. However, the number of subtypes capable of infecting humans has never been predicted or investigated. Influenza virus outbreaks that occur every year can be categorized as follows: a pandemic with high infectivity and mortality, a regional epidemic, or a recombination event leading to reassortment. Investigating changes in influenza viruses through pattern analysis of viruses responsible for each outbreak is an important research tool that can help to predict the zoonotic characteristics of influenza viruses.
Introduction
Influenza virus, which also caused the Spanish flu outbreak in 1918, is responsible for annual outbreaks worldwide [1] . Most outbreaks are endemic or epidemic, and worldwide pandemics have occurred only six times in history (Asiatic or . Influenza viruses exist in 18 hemagglutinin (HA) and 11 neuraminidase (NA) types, the combination of which can produce 198 possible virus subtypes [2] with many genetic variations. Such diversity can increase the infectivity of viruses while increasing or decreasing their virulence. As such, the ability to predict various influenza virus subtypes and their infectivity and virulence is an important research topic. However, few genomic studies have investigated the loss and gain of genomic information in influenza strains over time, and how this relates to their infectivity and virulent potential [3] . In this study, a method is presented to predict the type of influenza virus outbreak by investigating changes in the viral genome using genomic and physical information.
Data collection

Comparison of 1918 Influenza Virus and 2009 Influenza virus Data
In this study, selected data sets from those used by Nelson [4] were used in addition to gene sequence data unavailable at the time of publication of Nelson's study. For proteins, only the coding sequences, which can reflect gene functions, were included in the dataset.
1918 Influenza Virus Protein
Influenza virus is an RNA virus that is subdivided into influenza A, B, and C. These viruses commonly share 8 genes (RNA polymerase -PB1, PB2; PA ; Neuraminidase ; NEP; Nucleocapsid protein; matrix protein; ion channel; and hemagglutinin). These 8 genes encode ion channel proteins, host-binding proteins, and proteins involved in virus RNA insertion, release, and replication, among others. In this study, only the viral proteins (hemagglutinin and neuraminidase) involved in the binding of viruses to a host cell and the release of viruses from the host cell after the insertion of genes to infect other host cells [5] were analyzed. These genes, which encode proteins that play the most important roles in the actual infection process, are also useful targets in vaccine and therapeutics development.
Pattern analysis of H1N1
In order to elucidate the function of a protein encoded by a gene, its protein tertiary structure must be clarified. This can be explained by the biological principle known as the central dogma. In this process, information is passed on from DNA to RNA and then to the protein, with the consequent loss and gain of information along the way. With this in mind, it is necessary to examine each step as it relates to the entire process. To this end, we compared the genetic sequence changes that have occurred in influenza viruses over history. In Figure 1 , we demonstrate the differences between the 1918 influenza virus H1N1 strain and the 2008 and 2009 H1N1 strains according to the number of changes in 20 amino acids in the newer strains. 
Entropy
The concept of entropy has been described through many theoretical formulas. In the 1850s, Rudolf Julius Emanuel Clausius introduced the concept of entropy to the field of thermodynamics, and described the increase in the internal energy of a system in terms of heat and work in laws that came to be known as the first and second laws of thermodynamics [6] . Thermodynamics is a branch of physics that describes the flow of energy in natural systems, and Claude E. Shannon applied statistical concepts to Ludwig Eduard Boltzmann's work to describe the concept of information entropy [7, 8] . In information theory, entropy is a measure of the association of uncertainty in random variables. In other words, entropy indicates the quantity of information related to the disorder that exists in variables. By calculating the entropy with the following formula (1), Shannon aimed to measure the flow of energy in natural systems.
(1)
The formula contains probability terms; in this study, we applied the concept of entropy, which measures physical quantities and energy of a system, to biology to predict the patterns of change in viruses, and performed comparative analyses to determine the patterns associated with pandemic/ epidemic/reassortment. With this approach, biological diversity can be predicted with a simple method to predict new results.
Conclusions
The aim of this study was to predict the 3 types of infection patterns (pandemic, epidemic, and reassortment) of influenza virus subtype H1N1 based on changes in specific viral proteins (HA and NA). Accordingly, we developed a new analytical method that can be used to predict future viral infection patterns using only one specific protein sequence.
